Summary. Blood samples were taken at 15-min intervals from prepubertal beef heifers, 6 aged 4 months and 6 aged 10 months, to determine plasma LH and FSH concentrations. Two animals of each age group were then subjected to 9 consecutive injections of 0\m=.\5, 2\m=.\0or 5\m=.\0 \ g=m\ g Gn-RH at 2-h intervals. LH episodes were evident in all animals before treatment, and in 11/12 heifers occurred at a rate of between 1 and 4 per 24 h. One 10-month old heifer, later detected in oestrus, displayed 10 episodes/24 h. Mean FSH concentrations did not differ significantly between age groups. In all animals, Gn-RH injections induced an episodic pattern of LH secretion which was significantly different between Gn-RH doses, but not between age groups. A distinct episode-like response in FSH concentrations occurred to each Gn-RH injection in only one heifer. These results provide further evidence that the prepubertal period is associated with a lack of pituitary stimulation, rather than an inability to respond to Gn-RH.
Introduction
There appear to be a number of similarities in the endocrine control of the final stages of follicle development in the sheep and the cow, which are reflected in the patterns of episodic LH secretion. Maturation of the preovulatory follicle in both species is associated with a marked increase in the frequency of LH episodes (Baird, 1978; Rahe, Owens, Fleeger, Newton & Harms, 1980) . In addition, periods of ovarian inactivity-seasonal anoestrus in the ewe and post-partum anoestrus in the cow-are associated with a low frequency of LH episodes (Lamming, Wathes & Peters, 1981 ;  McLeod, Haresign & Lamming, 1982a, b) . Increasing this frequency by repeated administration of low doses of exogenous Gn-RH will induce follicular growth, culminating in a normal ovarian cycle in both species (Riley, Peters & Lamming, 1981; McLeod et al, 1982a, b) . The role of FSH in preovulatory follicle development is less well defined. Schams, Schallenberger, Hoffman & Karg (1977) reported the occurrence of an FSH peak around Day 18 of the oestrous cycle of the cow, which they suggested was a stimulus for follicular growth. However, other workers have failed to detect such an increase (Akbar, Reichert, Dunn, Kaltenbach & Niswender, 1974; Butler, Katz, Arrióla, Milvae & Foote, 1983) . In addition, no relationship is apparent between plasma FSH concentrations and the resumption of ovarian cycles post partum (Schams et al, 1978; Webb, Lamming, Haynes & Foxcroft, 1980) . It has also been demonstrated that an abrupt increase in the frequency of LH episodes is a prerequisite for the onset of puberty in the sheep, and that precocious puberty can be induced by repeatedly injecting purified LH to increase episode frequency artificially (Ryan & Foster, 1980) . A similar relationship may exist in the heifer; a pulsatile pattern of LH release is evident in prepubertal heifers from as early as the first month of life, with episode frequency increasing with age (Schams, Schallenberger, Gombe & Karg, 1981) . Long-term changes in basal LH concentrations have also been reported in prepubertal and pubertal animals. In both the heifer and the ewe lamb, basal plasma LH levels are higher and more variable during the prepubertal period than after the onset of ovarian cyclicity (González-Padilla, Wiltbank & Niswender, 1975; Ryan & Foster, 1980; Kiser et al, 1981) . Schams et al. (1981) reported episodic release of FSH in the prepubertal heifer, with episode frequency increasing with age. However, plasma FSH levels have also been reported to remain relatively constant during the prepubertal and pubertal period in heifers (González-Padilla et al, 1975) and ewe lambs (Foster, Lemons, Jaffe & Niswender, 1975 Webb, Lamming, Haynes, Hafs & Manns (1977) . The limit of sensitivity of the assay within this study was 0-5 ng NIH-LH-B9 equiv./ml plasma, and the inter-and intra-assay coefficients of variation were 12-5% and 5-6% respectively. There was negligible cross-reaction with other protein hormones.
Plasma LH concentrations. An LH episode was defined by the criteria previously described (Riley et al, 1981 ; McLeod et al, 1982b (1980) . Within this study the limit of sensitivity of the assay was 10-8 ng NIH-FSH-B1 equiv./ml plasma and the inter-and intra-assay coefficients of variation were 12-4% and 8-2% respectively.
Statistical analysis. fig. 3(a) .
A dose-response relationship was evident when the characteristics of the Gn-RH-induced LH episodes were compared between groups (Table 2) , with a significant difference in mean area (P < 005) between the high (5-0 pg) and the low (0-5 pg) doses. In 1 of the 4-month-old animals (Heifer 5) there was a distinct, episode-like response in FSH concentration to each injection of Gn-RH. In addition, a similar episodic pattern of FSH release was coincident with some, but not all, Gn-RH injections in 5 other heifers (Heifers 4, 6, 7, 9 & 12) . However, mean FSH concentrations over the Gn-RH treatment period were not significantly different from pretreatment concentrations (Table 3) . LH episodes occurring in heifers of both ages was comparable to that reported for mature, acyclic cows, but significantly less than that observed during the follicular phase of the oestrous cycle (Rahe et al, 1980; Lamming et al, 1981) . In Heifer 7, which was detected in oestrus shortly after treatment, the endogenous LH episode frequency was significantly higher than that in all of the other heifers and was equivalent to that seen in naturally-cyclic cows during the follicular phase of the oestrous cycle. These results support the suggestion of Rahe et al. (1980) that ovarian activity is directly related to LH episode frequency. Such a relationship is evident in the sheep, with an increase in LH episode frequency immediately preceding the onset of puberty (Ryan & Foster, 1980) . However, in contrast to the findings of Schams et al (1981) , LH episode frequency in prepubertal heifers in this trial did not increase with age. The mean baseline plasma LH concentrations (excluding LH episodes) measured, were similar for heifers of both ages, and were comparable to those previously reported (González-Padilla et al, 1975; Kiser et al, 1981) . Furthermore, these basal levels were consistently higher than those measured simultaneously in this laboratory with the same radioimmunoassay system in mature, post-partum acyclic cows (mean + s.e.m. 0-79 + 0-09 ng/ml, range 0-55-1-07 ng/ml, = 6) (M. W. Fisher & G. E. Lamming, unpublished data), which suggests that the attainment of sexual maturity is also related to the establishment of lower and more stable basal LH concentrations.
The LH response to repeated injections of low doses of Gn-RH in prepubertal heifers in this trial suggests the existence of a fully-functional anterior pituitary, even at 4 months of age. The non¬ linear nature of the dose-response relationship is also in agreement with data from the sheep (McLeod et al, 1982b) . It would appear that a 0-5 pg Gn-RH injection is near the threshold dose necessary to evoke an LH response, as only one of the 4 heifers treated with this dose responded to every Gn-RH injection, and the mean amplitude and area of the induced episodes were similar to those of naturally-occurring episodes during the pretreatment period. In contrast, a pituitary response was recorded after each Gn-RH injection in all animals treated with the two higher doses, and the induced episodes were of greater magnitude than naturally-occurring episodes (see Tables 1   &2) .
From a statistical point of view, with only 2 heifers per Gn-RH dose, it was not possible to determine an age effect in the LH response. However, the absence of any dose-response differences between the two age groups is still surprising, especially with the 2-fold difference in mean liveweight. This suggests that, at least in the prepubertal animal, sensitivity to low doses of Gn-RH increases with increasing age. In contrast, the mean maximum LH concentration of episodes attained in heifers in this study in response to the 5 pg Gn-RH dose (mean ± s.e.m., 7-01 + 0-23 ng/ml, range 4-5-12-0 ng/ml, 36 episodes) was significantly greater (P < 0-001) than that reported for mature, acyclic post-partum cows (mean + s.e.m., 2-63 + 0-16 ng/ml, range 1-3-6-2 ng/ml, 35 episodes) (Riley et al, 1981) .
The mean plasma concentrations and the between-animal variation in FSH levels recorded during the pretreatment period in this trial are comparable to those reported earlier for the prepubertal heifer (González-Padilla et al, 1975 ; Schams et al., 1981 ). Indeed, the pattern of FSH secretion in the prepubertal animal appears to be similar to that in the mature cow (Akbar et al, 1974; Webb et al, 1980; Riley et al, 1981) . This is substantiated by the absence of any marked differences in plasma FSH concentrations in the one animal (Heifer 7) detected in oestrus. However, in contrast to the findings of Schams et al ( 1981 ) , FSH secretion during the pretreatment period in this trial could not be described as episodic. Although FSH 'episodes' were detectable in some animals, these were largely camouflaged by fluctuation in baseline concentrations. However, the administration of Gn-RH at 2-h intervals led to an episodic pattern of release of FSH in some heifers. This is most clearly demonstrated in Heifer 5 in which FSH release was dramatically changed by Gn-RH treatment. It is not clear why only one animal responded to each Gn-RH injection, but as this heifer was receiving the highest dose on a per kg liveweight basis, it may be that the other heifers were receiving sub-threshold doses. Indeed, the other 4-month-old animal treated with this dose of Gn-RH (5-0 pg/injection) produced episodic responses to some injections, whereas neither of the 10-month-old heifers responded. Furthermore, the 5 pg dose of Gn-RH also failed to induce episodic FSH release in mature, post-partum acyclic cows (Riley et al, 1981 ). These results indicate that the threshold dose of Gn-RH necessary to evoke FSH release is markedly higher than that necessary for LH release.
Within the limited duration of Gn-RH administration in this study (9 consecutive injections at 2-h intervals) there was no evidence of pituitary refractoriness; indeed a constancy of LH response was evident, similar to that observed in seasonally anoestrous ewes (McLeod et al, 1982a, b) . The duration of Gn-RH treatment was much less than that required to induce ovarian cycles in mature acyclic beef cows (Riley et al, 1981) , and it has yet to be determined whether an extended period of Gn-RH administration would eventually result in preovulatory-type LH release, and ovulation in the prepubertal heifer. The artificial elevation of LH episode frequency may itself not be sufficient to promote preovulatory follicle growth because early follicle development may be lacking, particularly at the younger ages. However, it has been demonstrated that prepubertal heifers as young as 3 months of age are able to produce a preovulatory LH surge in response to administration of oestradiol (Staigmiller, Short & Bellows, 1979) . These data suggest that the low frequency of LH episodes in prepubertal heifers is due to hypothalamic inactivity rather than to the inability of the pituitary to respond to hypothalamic
